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Since the progress in the fabrication techniques of thin-films of exotic materials such as strongly
correlated heavy-fermion compounds, microscopic studies of the magnetic and electronic properties
inside the films have been needed. Herein, we report the first observation of 115In nuclear quadrupole
resonance (NQR) in an epitaxial film of the heavy-fermion superconductor CeCoIn5, for which the
microscopic field gradient within the unit cell as well as magnetic and superconducting properties
at zero field are evaluated. We find that the nuclear spin-lattice relaxation rate in the film is in
excellent agreement with that of bulk crystals, whereas the NQR spectra show noticeable shifts
and significant broadening indicating a change in the electric-field distribution inside the film. The
analysis implies a displacement of In layers in the film, which however does not affect the magnetic
fluctuations and superconducting pairing. This implies that inhomogeneity of the electronic field
gradient in the film sample causes no pair breaking effect.
Recently developed thin-film fabrication techniques,
such as molecular beam epitaxy (MBE) and pulsed laser
deposition, can be used to fabricate films consisting of
not only simple substances but also multi-element ma-
terials. In thin-films, it is expected that the electronic
states can be manipulated by effects that are difficult to
achieve in bulk systems, such as two-dimensionality [1–
4], surface states [5, 6], and proximity effects between
the sample and the substrate [7]. Recently, epitaxial
thin film and superlattice samples of heavy-fermion (HF)
CeM In5 (M = Co, Rh) have been fabricated. The super-
lattices consisting of CeM In5 / normal-metal YbM In5
have attracted interest for their anomalous features such
as enhancement of the anisotropy of the superconduct-
ing (SC) upper critical field (Hc2) [8–10], suppression of
antiferromagnetic (AFM) fluctuations at the interfaces
between block-layers in CeCoIn5/YbCoIn5 superlattices
[11], and tuning of quantum criticality by dimensionality
in CeIn3/LaIn3 [12] and CeRhIn5/YbRhIn5 [13] super-
lattices.
Although such attractive phenomena have been re-
ported, unfortunately the experimental techniques to
study the physical properties of film samples are quite
limited. For example, neutron scattering experiments,
which clarify magnetic properties decisively, usually re-
quire a huge volume of the sample, typically around the
order of 1 cm3. Specific-heat and thermal-conductivity
measurements, which are powerful tools to determine the
SC gap structure, are also difficult since the huge contri-
bution from the substrate masks the small contribution
arising from the film sample.
Nuclear quadrupole resonance (NQR) and nuclear
magnetic resonance (NMR) are quite suitable measure-
ments for film samples, if the material includes the
NMR/NQR possible nuclei, because the measurements
can detect the electronic state in only the film. In
NMR/NQR experiments, the small sample volume re-
duces the signal intensity but the large surface area par-
tially compensates the loss of signal intensity because
NMR/NQR measurements mainly detect the surface re-
gion with several microns of depth. In addition, the ex-
periments are able to select interesting block layers of the
superlattice samples and the atomic sites in the crystal
structure, and thus are free from the substrate if appro-
priate atoms are chosen. Particularly an NQR measure-
ment is possible in the absence of magnetic fields and
gives us the magnetic and electronic information in the
SC state without the disturbance of the magnetic field.
Bulk CeCoIn5 is a well-known HF superconductor with
a critical temperature Tc = 2.3 K, which is the highest
Tc among Ce-based HF superconductors [14]. Many ex-
periments have suggested that the SC gap symmetry is
dx2−y2-wave [15–17] and a few percents of the nonmag-
netic Cd- and Hg-substitutions [18, 19] for the In site
induce antiferromagnetic (AFM) ordering with suppres-
sion of the superconductivity, indicating that CeCoIn5 is
located near the AFM quantum critical point. However,
the nature of pair-breaking effect of chemical substitu-
tions in CeCoIn5 remains controversial [20, 21].
The motivation of the present measurements is to
check whether the NQR measurement is possible for the
epitaxial film sample, and to investigate the magnetic and
SC properties of the epitaxial film sample microscopically
if NQR signals can be observed. In epitaxial films, the
2strain due to the mismatch between the substrate and
the films in general leads to some inhomogeneity in the
electric field distribution, and thus the NQR studies will
provide important information on the electronic proper-
ties and the pair-breaking effect of such inhomogeneity.
We succeeded in observing 115In-NQR signals on the epi-
taxial film sample and measured the nuclear spin-lattice
relaxation rate (1/T1) down to 100 mK. We found that
1/T1 in the normal and SC states is very similar between
the bulk and film samples, although the 115In-NQR spec-
trum on the film sample shifts noticeably and becomes
significantly broader than the bulk sample. These results
indicate that the magnetic and superconducting prop-
erties, including the gap structure of the epitaxial film
sample, are identical to the bulk sample although some
modulation of the crystal structure is introduced; thus,
the NQR measurement is a useful technique to investi-
gate the electronic state and SC gap in film samples, in
which the specific heat and thermal conductivity mea-
surements are almost impossible. As far as we know,
these are the first NQR measurements of film samples of
strongly correlated electron systems.
The CeCoIn5 epitaxial film studied here was grown
along the tetragonal c-axis using MBE on a MgF2 sub-
strate (See Ref.[8, 22] for fabrication details). The elec-
trical resistivity ρ(T ) of a 120-nm-thick film of CeCoIn5
was measured, and exhibited almost the same behavior as
bulk single-crystal CeCoIn5; the maximum ρ(T ) associ-
ated with an incoherent-coherent crossover of f -electrons
was observed at around 40 K and the Tc = 1.95 K of
the film sample is close to the bulk Tc [22]. The epi-
taxial film prepared for the NQR measurements was 500
nm thick, which approximately corresponds to 600 unit-
cell thickness, and the surface area was 8 × 5 mm2.
Tc = 2.15 K was determined with the NQR 1/T1 mea-
surement. For comparison, we have performed 115In-
NQR on bulk single-crystal CeCoIn5 without powdering,
which was grown with the In self-flux method. The size
of the crystal was 4 × 3 × 0.5mm3. For NQR measure-
ments below 1.5 K, a 3He-4He dilution refrigerator was
used and the samples were immersed into the 3He-4He
mixture to avoid any heating by RF pulses for the NQR
measurements. 1/T1 was measured from the recovery of
the nuclear magnetization m(t) at a time t after a satu-
ration pulse.
Figure 1 shows the 115In NQR spectrum measured in
the CeCoIn5 film. CeCoIn5 has two In sites denoted as
In(1) and In(2); In(1) is located at the center of the Ce-In
plane and In(2) is located between the Co and the Ce-
In(1) planes on the lateral plane(Fig. 4(b)). Four lines at
8.05 MHz, 16.11 MHz, 24.16 MHz and 32.17 MHz arise
from the In(1) site and the other two lines at 45.173 MHz
and 61.310 MHz arise from the In(2) site. The electric
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FIG. 1. NQR spectra arising from 115In(1) and 115In(2) of
the film CeCoIn5 at T ∼ 2.5 K. The intensity of each signal is
normalized by each maximum. The dashed lines indicate the
frequencies where observation of NQR signals are expected
from the NQR parameters.
quadrupole Hamiltonian is written as
HQ =
e2qQ
4I(2I − 1)
[
3Iˆ2z − Iˆ
2 +
η
2
(
Iˆ2+ + Iˆ
2
−
)]
,
where Q is the nuclear quadrupole moment. The elec-
tric field gradient (EFG) originating from the electrons
and atoms surrounding the 115In nucleus is denoted as
eq ≡ Vzz, and the asymmetric parameter η is defined as
η ≡ (Vxx − Vyy)/Vzz , where V is the electric potential
at the 115In site and Vαα ≡
∂2V
∂α2
(α = x, y, and z). The
z-axis is the principal axis of the EFG, i, e. the Vzz is
maximum; x- and y-axes are chosen so that 0 ≤ η ≤ 1.
For the I = 9/2 (115In) case, four transitions are allowed.
115In for η = 0, a set of lines would be observed at the res-
onant frequencies of νQ ≡ e
2qQ/24h, 2νQ, 3νQ, and 4νQ,
where h is the Planck constant. At the axially symmet-
ric In(1) site, where the z-axis points to the tetragonal
c axis, the observed four lines were reproduced by the
calculation with νQ = 8.05 MHz and η < 0.003. On the
other hand, from the set of lines arising from the asym-
metric In(2) site, where the z-axis points perpendicularly
to the lateral plane of the unit cell, νQ = 15.52 MHz and
η = 0.39 were evaluated. These NQR parameters νQ and
η of the epitaxial film sample are listed in Table I and are
approximately the same as those of bulk samples [23, 24].
Figure 2 is an expanded view around the signals of
the transition of m = ±7/2↔ ±9/2 at the 115In(1) and
115In(2) sites in the film and single-crystal CeCoIn5. The
peaks of the film NQR spectrum were clearly shifted from
those of the single-crystal spectrum. In addition to the
noticeable frequency shift, the line width of the film sam-
ple is much broader than that of the single-crystal sam-
ple. The origin of the spectrum shift and broadening of
the NQR spectrum are discussed later.
We measured 1/T1 at the In(1) site in order to in-
vestigate magnetic and SC properties of the film sam-
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FIG. 2. NQR spectra for transition betweenm = ±7/2 and ±
9/2 of the In(1) and the In(2) in the film CeCoIn5 (squares)
and bulk single-crystal (circles). The solid lines are fittings of
the spectrum to the Lorentzian function. The fitting parame-
ters (fcenter, FWHM) were evaluated as (32.16 MHz, 530 kHz)
for In(1), and (61.31 MHz, 203 kHz) for In(2) in the film sam-
ple. In the bulk sample, (fcenter, FWHM) were (32.68 MHz,
8 kHz) for In(1), and (61.21 MHz, 35 kHz) for In(2). The in-
tensity of the NQR signal of the film was magnified 60 times.
In the bulk single-crystal spectrum of In(1), the tiny signal
at 32.24 MHz close to the film NQR frequency is ascribed to
the isotope 113In [25]
.
TABLE I. EFG parameters of the film and single crystalline
samples in the present measurement. The single crystalline
CeCoIn5 results reported by Curro et al. [24] are also shown.
The 59Co data were measured by NMR experiments.
59Co 115In(1) 115In(2)
Sample νQ (MHz) νQ (MHz) νQ (MHz) η
Film 0.302 [11] 8.05 15.52 0.39
Bulk 0.230 8.171 15.491 0.387
Bulk [24] 0.234 8.173 15.489 0.386
ple. 1/T1 in the film sample could be determined with
a single component in the whole temperature range, in-
dicating that magnetic fluctuations are homogeneous in
the whole region of the sample. The temperature depen-
dence of 1/T1 in the film (squares) and the bulk single-
crystal (circles) is compared with the data of crushed
single-crystal (dashed line) CeCoIn5 reported by Kohori
et al. [23] in Fig. 3. The T dependence of 1/T1 of
the present film sample shows the same behavior as the
bulk single crystals reported previously [23, 26]. 1/T1 in
the normal state deviates from the Korringa relation ob-
served in conventional metals, indicative of the presence
of the antiferromagnetic correlations. Below Tc, 1/T1
decreases rapidly without a coherence peak just below
Tc = 2.15 K, which is close to the bulk Tc = 2.28 K, and
1/T1 for 0.4 K < T < 1.5 K obeys T
3-like behavior ex-
pected in the line-node SC gap model. In addition, 1/T1
below 0.4 K deviates from the T 3 dependence and ap-
proaches a T -linear behavior. Such a T -linear behavior
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FIG. 3. Temperature dependence of 1/T1 at the In(1) site
measured at the transition of m = ±7/2 ↔ ±9/2 (open
squares) and m = ±1/2 ↔ ±3/2 (solid squares) of the film
sample. The blue solid line is the calculation by the dx2−y2 -
wave SC gap model with the parameters of 2∆(0)/kBTc = 6
and NRes/N(T0) = 0.12. The open circles are the data of
transition of m = ±7/2 ↔ ±9/2 in the bulk single crystal.
The dashed line represents the data set of powdered CeCoIn5
reported by Kohori, et al. [23].
at the lowest temperatures has been observed in vari-
ous unconventional superconductors with a sign-changed
line-node gap and implies the presence of a residual den-
sity of states (RDOS) NRes at the Fermi level [27–29].
These results indicate that the SC gap symmetry of the
500-nm-thick epitaxial film CeCoIn5 is also d-wave, sim-
ilarly to bulk single-crystal CeCoIn5.
The temperature dependence of 1/T1 below Tc is con-
sistently understood with the 2-dimensional dx2−y2-wave
SC gap model with ∆(T, φ) = ∆(T ) cos(2φ), in which the
magnitude of the SC gap 2∆(0)/kBTc and the fraction of
RDOS NRes/N0 are variable parameters[30]. Here N0 is
the density of states in the normal state. The ratio of
1/T1 in the SC state to 1/T1 at T = Tc is expressed as
(1/T1)
(1/T1)T=Tc
=
2
kBTc
∫
∞
0
Ns(E)
2 +M2
N20
(
−
∂f(E)
∂E
)
dE,
where f(E) is the Fermi distribution function, Ns(E)
is the density of states in the SC state,and M is the
anomalous density of states, which vanishes in the sign-
changed SC gap. The data of 1/T1 is well reproduced by
the calculation with the parameters of 2∆(0)/kBTc = 6
and NRes/N0 = 0.12 as shown in Fig. 3[25]. Although
the magnitude of the SC gap in the film sample is the
same as that in the single-crystal sample, the fraction
of RDOS in the film sample is slightly larger than that
in the single-crystal sample (NRes/N0 ∼ 0.08) [23, 31].
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FIG. 4. (a)Differences of the νQ between the bulk and film
CeCoIn5(see the main text). Open circles show experimental
data, red squares show the epitaxial strain effect, and the red
triangles show the epitaxial strain and In(2) shift effects. As
for the In(2) shift effect, the Wyckoff parameter of In(2) is
changed from 0.3094 to 0.3090. The EFG parameters of the
red symbols were calculated with WIEN2k [25]. (b) Image of
the In(2) shift effect.
In general, randomness or imperfection, which is a per-
turbation averaging the k-dependence of the SC gap, in-
duces the RDOS near the nodes. The larger RDOS in
the film sample than in the bulk single-crystal sample is
consistent with the broader NQR spectrum in the former
sample. However, this effect is much weaker than the
effect by the nonmagnetic-impurity doping, because the
reduction of Tc in the film sample is only 6%.
Now, we discuss the change of the NQR spectra in the
epitaxial film sample. As shown above, we observed a
noticeable shift and significant broadening of the 115In-
NQR spectra in the film sample. The changes of the
NQR frequency νQ from the bulk single crystal δνQ(=
νfilmQ − ν
bulk
Q ) are plotted in Fig. 4(a), where the change
of the νQ at the Co site and the change of the η, δη(=
ηfilm−ηbulk) at the In(2) site are also plotted. In addition,
the full width at half maximum (FWHM) of the spectra
for the film sample shown in Fig. 2 (a) and (b) are 530
kHz and 203 kHz, which are 60 times and 6 times larger,
respectively, than in the bulk single crystal sample.
We now consider the origin of the difference of NQR
spectra between the film and single-crystal CeCoIn5.
First, there is a gradual epitaxial strain introduced by the
misfit of the lattice parameters between CeCoIn5 and the
MgF2 substrate. The lattice parameters of the 120-nm-
thick epitaxial film sample were reported to be a = 0.462
nm and c = 0.753 nm [22], which were slightly different
from those of the bulk single crystal (a = 0.461 nm and
c = 0.755 nm). Using these film lattice parameter, the
EFG parameters by the band calculation [25] approxi-
mately reproduce the δνQ and δη (squares in Fig. 4(a)).
In addition, we introduce the shift of the In(2) layers
toward the Ce-In(1) layers as shown in Fig. 4(b), and
the EFG parameters including the two effects are more
consistent with the experimental data (triangles in Fig.
4(a)). In general, an epitaxial strain is an inevitable ef-
fect near a substrate and is relaxed with the distance
away from the substrate, and the lattice parameters far
from the substrate are considered to be the same as those
in the bulk sample. Such a gradation of the lattice pa-
rameters would cause an asymmetric distribution of the
νQ from a bulk NQR peak, but the symmetric spectrum
was observed in the film CeCoIn5. Alternatively, we sug-
gest that the lattice parameters in epitaxial film samples
might be optimized by the condition in which the strain
effect and other effects are included.
Although significant broadening of the NQR signals is
introduced in the film sample, it is surprising that the Tc,
1/T1, and the RDOS of the film sample are essentially
the same as those in the bulk single-crystal CeCoIn5.
The present results are consistent with the experimental
fact that the resistivity and Hall effect in the 120-nm-
thick film CeCoIn5 are nearly identical to those in the
single crystal [22], but they seem to be contradict with
the fact that the superconductivity in CeCoIn5 is eas-
ily disrupted by the nonmagnetic impurities[18, 19, 32],
because CeCoIn5 is a quantum critical superconduc-
tor. In the substitution systems of Cd (hole doping)
[CeCo(In1−xCdx)5], the superconductivity is destroyed
at the critical concentration of x = 1.7% and long-range
AFM ordering appears. 1% Cd-doping induces the small
satellite structure in the 115In-NQR spectrum [21, 33, 34],
and largely modifies the spin-fluctuation properties in the
normal state near the impurity sites.
In Sn-doing (electron doping), νQ of the main peak
at the In(1) site decreases similarly to our film sample
but the 1/T1 drastically decreases by enhanced p-f hy-
bridization due to the additional 5p electron of Sn atoms
[21]. In these doping, impurities on CeCoIn5 not only
scatter the conduction electrons, but also modify their
c-f hybridization[20, 21]. In the film case, the primary
difference from the bulk sample is the disorder in the elec-
tric field gradient, and our results showing identical 1/T1
with the bulk one indicate that the band structure around
the Fermi level remains almost unchanged from the bulk
band structure. From the comparison between the film
sample and the nonmagnetic impurity-doped samples, we
suggest that the νQ distribution effect, which is intro-
duced by the inhomogeneity of the tiny lattice change
and In(2) shift, does not seriously alter the magnetic and
SC properties.
In conclusion, we performed NQR experiments in 500-
nm-thick epitaxial film CeCoIn5 and in bulk single crys-
tal, and found the following two points. (a) Although the
νQ distribution is introduced in the epitaxial film sample,
Tc, 1/T1, and the RDOS of the film sample are essentially
the same as those in the single-crystal CeCoIn5, indicat-
ing that the magnetic and SC properties in the film sam-
ple are identical to the single crystal sample. Thus, an
NQR measurement is a suitable technique to investigate
the SC gap in film samples. (b) The origin of the spec-
trum broadening is partially interpreted by the epitaxial
strain effect, but we suggest that the In(2) layer slightly
5shifts to the Ce-In(1) layer in the epitaxial film sample.
We suggest from the present NQR study that the lat-
tice parameters might be optimized in the epitaxial film
sample.
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1
I. NQR SIGNALS OF INDIUM ISOTOPES
Here, we discuss the tiny signal in Fig. 2(a) in the main text and show the evidences
that the tiny signal arises from 113In isotope. In the case of I = 9/2, and η = 0 such as the
symmetric In(1) site (Fig. 4 (b) in the main text), the resonant frequency for the transition
between m = ±7/2 ↔ ±9/2 is written as 4νQ = e
2qQ/6h and therefore is proportional to
nuclear electric quadrupole moment Q under a certain electric field gradient eq. In the NQR
spectrum of bulk CeCoIn5, the signals were observed at 32.24 MHz(the tiny signal) and
32.68 MHz(the large signal). The ratio of resonant frequency 32.24/32.68 ≈ 0.987 is almost
the same as that of the quadrupole moment of 113In and 115In; Q113/Q115 = 0.759/0.770 ≈
0.986[1].
The intensity of the tiny signal is about 18 times smaller than the large (115In) one.
The weak intensity can be explained from the point of view of 113In signal. The natural
abundance (NA) of 113In is 4.3 % although that of 115In is 95.7 % [2]. The ratio of the
experimental NQR signal intensity is consistent with the ratio of the NA of Indium isotopes.
The recovery curves of NQR-1/T1 measurements are also consistent. Since both of
113In
and 115In have nuclear spin 9/2, the nuclear-spin lattice relaxation follows the identical
recovery curve. In fact, both behavior of nuclear magnetization m(t) at tiny and large
signals are the same as shown in Fig. S 1. The fact suggests that the two signals arise from
Indium nuclei at the same crystallographic site.
II. NQR-1/T1 IN SUPERCONDUCTING STATE ANALYSIS
In almost metallic samples, conduction electron spins strongly contribute to nuclear spin
relaxation and therefore nuclear-spin lattice relaxation rate (1/T1) depends on density of
states (DOS) at the Fermi level. In the SC state, the nuclear spins are relaxed by thermally
excited quasi particles and therefore the 1/T1 depends on the coherence factor. 1/T1 in the
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Figure S 1. Recovery curves of 1/T1 measurements. (Inset) The NQR spectraum in the normal
state. The relaxation curves in the main panel were measured at each peaks pointed by arrows
and symbols.
SC states is written as [3–5]
1/T1
(1/T1)T=T c
=
2
kBTc
∫
∞
∆
Ns(E)
2 +M(E)2
N20
(
−
∂f(E)
∂E
)
dE,
Ns(E)/N0 ≡
〈 E√
E2 −∆2(T, θ, φ)
〉
F.S.
,
Ms(E)/N0 ≡
〈 ∆√
E2 −∆2(T, θ, φ)
〉
F.S.
.
Here, 〈· · · 〉F.S. is an average over the Fermi surface. N0, and Ns(E) are DOS at Fermi surface
in the normal and SC states, respectively, and E is the energy from the Fermi level. The
Ms is called as anomalous DOS arising from the coherence factor, which is strictly zero in
the d-wave symmetry because of the sign change of the SC energy gap ∆. We assumed
the two dimensional dx2−y2-wave gap symmetry described as ∆(T, θ, φ) = ∆(T ) cos(2φ) and
3
then obtain
Ns(E)/N0 ≡
1
4pi
∫ pi
0
sin θdθ
∫
2pi
0
dφ
E√
E2 −∆2(T ) cos2(2φ)
=
1
2pi
∫
2pi
0
dφ
1√
1− [∆(T )/E cos(2φ)]2
=
2
pi
∫ pi/2
0
dφ
1√
1− [∆(T )/E cos(2φ)]2
.
At the last equation, we used pi/2-periodicity of the integrand. In the ∆(T )/E ≥ 1 case,
a constant α satisfying cos(2α) = E/∆(T ) exists and therefore the integration is diver-
gent. To avoid the divergence, we numerically calculated the Ns under the condition of
E > ∆(T ) cos(2φ). For the temperature dependence of ∆(T ), we used the empirical repre-
sentation in BCS model as follow [6]
∆(T ) = ∆(0) tanh
[
pikBTc
∆(0)
√
2
∆C
C
(
Tc
T
− 1
)]
.
Here ∆C/C is the specific heat jump. Since the specific heat measurement for film sample
cannot be performed, we chose ∆C/C = 4.5, which is obtained in the bulk CeCoIn5 [7].
In an ideal model, the Ns(E) goes to zero for E → 0, but in practical model of nodal SC
gap, finite DOS at E = 0 arises from impurity scattering in a low-lying energy region[8, 9].
We assumed that the residual DOS were constant for simplicity and calculated Ns including
the residual DOS as shown in Fig. S 2.
III. ELECTRONIC BAND STRUCTURE
The NQR parameters νQ and η of the film obtained from our experiments are approxi-
mately the same as those of bulk but slightly different. The broadening of the NQR spectra
may be due to distribution of local environment of In sites. In order to obtain information
on the NQR spectra of a film CeCoIn5, we calculated the electronic structure using the
WIEN2k package [10]. The fully-relativistic full-potential calculations were performed with
the GGA-PBE functional [11], 12×12×7 k-point grid in the Brillouin zone, and the cut-off
parameter RKmax = 7. Instead, as the first step, we examined the electronic structure of
such virtual bulk CeCoIn5 with the film lattice parameters, not superstructure, since the
NQR parameters are sensitive to the local environment of In sites. The lattice parameters
4
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Figure S 2. Energy dependence of Ns in dx2−y2-wave gap model normalized by DOS of the normal
state N0. We introduce the residual DOS Nres = 0.12N0 to the lowest energy side.
used here are listed in Table S I. In these virtual bulk models, the band structure is quite
similar to that of the original bulk, since the modification of crystallographic parameters is
small. νQ is obtained by the formula νQ = 6 ×
eQ
4I·2I−1
|Vzz|, in which quadrupole moment
a (A˚) c (A˚) z Vzz(10
21V/m2) η
Ce Co In(1) In(2) In(2)
(bulk) 4.612 7.551 0.3094 0.869 -0.0312 10.889 19.588 0.278
(film) 4.620 7.530 0.3094 0.480 -0.1145 10.790 19.680 0.268
4.620 7.530 0.3090 0.449 -0.0899 10.779 19.600 0.272
Table S I. Calculated electric field gradients of Vzz at each atomic site, and η at In(2) site under
the set values a, c, and z. a and c are lattice constants, and z is Wyckoff parameter of In(2).
Q and nuclear spin I are depend on the nuclei. The obtained NQR parameters in Table
S I are deviated from the experimental observations due to the electron correlation effect.
5
However, the difference δνQ(δη) is comparable to those of the bulk.
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